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Zoonosis has been implicated in hepatitis E virus (HEV) transmission. We examined wild boar living in a forest of Hyogo prefecture,
Japan, and found HEV RNA in three of seven boars. A full-genome HEV isolate from one of them was revealed to be 99.7% identical to a
previous isolate from a wild deer hunted in the same forest and to those from four patients who contracted hepatitis E after eating raw meat of
the deer. These findings suggest an interspecies HEV transmission between boar and deer in their wild life, and that both animals might serve
as an infection source for human beings as suggested previously.
D 2004 Elsevier Inc. All rights reserved.
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We reported previously a case of zoonotic food-borne
transmission of hepatitis E virus (HEV) from a wild deer
(Sika deer, Cervus nippon nippon) to human beings, in
which four patients developed hepatitis E after eating
Sashimi of the deer meat (Tei et al., 2003). We also reported
a case where consumption of the raw liver (Namagimo) of
wild boar might have been the cause of severe hepatitis E in
two patients (Matsuda et al., 2003). Tamada et al. (2004)
also reported an outbreak of HEV infection in those who
had participated in a boar-barbecue party. These findings
prompted us to investigate the wild boar living in Japan0042-6822/$ - see front matter D 2004 Elsevier Inc. All rights reserved.
doi:10.1016/j.virol.2004.10.006
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E-mail address: shunji.mishiro@po.toshiba.co.jp (S. Mishiro).(Inoshishi, Sus scrofa leucomystax) as a possible reservoir
of HEV. A very preliminary study with only seven boars
hunted March and April 2004 in Hyogo prefecture, Japan,
indicated an unexpectedly high prevalence of HEV infection
among them: four were positive for antibodies to HEV (anti-
HEV) and three of them were positive for HEV RNA as
well (Kitajima et al., in press). In the present report, we
describe our results of genetic analyses of an HEV isolate
(JBOAR1-Hyo04) recovered from one of the three HEV
RNA-positive boars. And also, we obtained near-full-
genome sequence from the deer-derived HEV, for which
we had reported previously only a 326-nt sequence (Tei
et al., 2003). To our knowledge, there have been no reports
describing full or near-full-genome HEV sequences that
were recovered from wild boar or deer.Results
The HEV isolate named bJBOAR1-Hyo04Q was obtained
from a wild boar hunted April 8, 2004, in the same forest of
Taka-gun, Hyogo prefecture, Japan (Fig. 1), where the HEV-04) 501–505
Fig. 1. The HEV isolates analyzed in this study and the locations wherefrom they were derived.
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been hunted a year before (February 22, 2003). HEV RNA,
detectable in both the liver and serum from this boar, was
subjected to amplification and sequencing by RT-PCR for its
entire genome. The nucleotide sequence of JBOAR1-Hyo04
thus obtained was 7247 nt in length, comprising of 5VUTR (nt
1–26), ORF1 (nt 27–5138 for 1703 aa), ORF2 (nt 5173–
7155 for 660 aa), ORF3 (nt 5135–5503 for 122 aa), 3VUTR
(nt 7156–7226), and poly-A tail (nt 7227–7247).
The JBOAR1-Hyo04 isolate co-clustered in a phyloge-
netic tree (Fig. 2) with the HEV isolate from the above-
mentioned deer (JDEER-Hyo03) as well as those from four
patients who developed hepatitis E after eating the deer meat
(JSO-Hyo03, JTH-Hyo03, JYO-Hyo03, and JMO-Hyo03),
whose nucleotide sequences were known for only a 326-nt
part of ORF1 (DDBL/EMBL/GenBank accession numbers
AB114179–AB114183). Then, we tried to determine much
longer sequence of the deer and patients-derived HEV
genome for extended comparison with the boar-derived
HEV, and obtained a 7230-nt sequence for the deer
(JDEER-Hyo03L) and 7180-nt sequences for the patients
(JSO-Hyo03L, JTH-Hyo03L, JYO-Hyo03L, and JMO-
Hyo03L). Although these sequences did not cover thecomplete genome, they did cover entire coding regions
(ORF1 + ORF2 + ORF3) at least.
Nucleotide identity between JBOAR1-Hyo04 and the
deer/human isolates compared for the length of about 7.2 kb
was 99.7%, while that between the isolate from deer and
those from the patients was 99.9%. Comparison with
complete or near-complete HEV isolates so far reported to
date showed that these six isolates segregated to a mini-
cluster completely independent from other isolates in the
genotype III (Fig. 3). In addition, they shared almost 100%
identical sequence even at the hypervariable region (HVR)
within ORF1.
These findings and the fact that the deer and the boar
were hunted in the same forest suggested that an interspe-
cies transmission of HEV had been occurring between these
animals in the shared habitat.Discussion
Firstly, we believe that this is the first report to describe
full or near full-genome HEV sequence recovered from wild
boar and deer.
Fig. 2. Phylogenetic tree (UPGMA) based on a 326-nt partial sequence of ORF1. The sequence of JBOAR1-Hyo04 was compared to those so far reported as
genotype III isolates at a region corresponding to nt 124–449 of the prototype HEV strain bBurma (M73218)Q.
Fig. 3. Phylogenetic tree (NJ) with full or near-full-genome HEV isolates. Each of the genotypes I, II, and IV was represented by only one isolate, while the
genotype III included all the isolates so far known for entire or near-entire genome sequence. The nodes with 1000-fold bootstrap values greater than 95% were
indicated.
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evidence of cross-species transmission of HEV and HEV-
like virus: for example, infection of rat (Maneerat et al.,
1996), swine (Meng et al., 1998), and macaque (van Cuyck-
Gandre et al., 1998) with human HEV, and turkey with
avian HEV (Sun et al., 2004). Despite the laboratory
evidence, however, whether the interspecies transmission
of HEV is really occurring between wild animals remains
uncertain. Our observations in this study strongly suggests
that it occurred between deer and boar in their wild life,
because the HEV sequence from the boar (JBOAR1-Hyo04)
and that from the deer (JDEER-Hyo03L) were almost
identical.
Facing the extraordinary similarity of the sequences, one
may argue that there might have been a cross-contamination
between samples dealt with in this study. But, firstly, we
have been very cautious to avoid cross-contamination
between samples in our laboratory. Secondly, we found
19–23 mismatched nucleotides between the boar-derived
HEV and the deer/patients-derived HEV, while only less
than eight nucleotides were mismatching among the deer/
patients-derived isolates, suggesting it is very unlikely that
the boar-derived sequence would have been a contamination
product of deer/patients-derived nucleic acids. Thirdly, we
have reported that the mutation rate of HEV is estimated to
be about 1.40  103 base substitutions per site per year
(Takahashi et al., 2004). If calculated on this rate, the boar
HEV must have diverged from the deer-HEV’s progenitor
strain about 2 years ago: The deer had been captured 1 year
before the boar was done. Thus, the observed number of
mismatched nucleotides is fairly better corresponding to an
in vivo infection in the forest than to an in vitro
contamination in our laboratory.
From deer to boar, or from boar to deer, which direction
then? Our preliminary study indicated that HEV infection is
endemic in the wild boar living in the forest of Hyogo
prefecture, Japan: three out of seven boars hunted therefrom
were positive not only for antibodies but also for RNA of
HEV (Kitajima et al., in press), while only 1 of 100 deer
hunted in the same forest tested positive for HEV RNA (our
unpublished result). This suggests that boar must be the
main reservoir of HEV while deer might merely be an
occasional reservoir, infected from boar, in the habitat of
these animals. Pigs are known to be one of the major
reservoirs of HEV: almost 100% of Japanese pigs are
reported to be positive for anti-HEV at 6 months of age
(Takahashi et al., 2003b). Boar may be as susceptible as pig
to HEV, since these animals are taxonomically fellow
creatures.
In conclusion, it seems that boar and deer infect each
other (more likely the former infects the latter) with HEV in
their wild life in shared habitat, and serve as an HEV
infection source for human beings, particularly for those
who like Gibier cuisine. Japanese people, notorious as raw
meat eaters, have an additional risk of acquiring HEV from
wild animals.Materials and methods
The materials and methods used in this study are briefly
as follows.
The liver and serum specimens from boars were kept
frozen until laboratory analyses. The boar, from which the
JBOAR1-Hyo04 HEV isolate was obtained, was estimated
to be less than 1 year of age, and weighed 6 kg.
Nucleotide sequencing of the boar-derived HEV as well
as those from the deer and the four patients was performed
by the methods described previously (Takahashi et al.,
2001, 2003a). Briefly, HEV RNA from the nucleic acids
extracted from the liver or serum was reverse-transcribed
to cDNA with use of the THERMOSCRIPT RT System
(Invitrogen Corporation, CA, USA), and PCR amplifica-
tion of seven overlapping regions of the HEV genome was
carried out in the presence of PLATINUM Taq DNA
Polymerase High Fidelity (Invitrogen). The 5V- and 3V-
terminal sequences were amplified with 5V-Full RACE Core
Set (TaKaRa Shuzo Co., Ltd., Shiga, Japan) and 3VRACE
System for Rapid Amplification of cDNA Ends (Invitro-
gen), respectively.Acknowledgment
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